Introduction {#sec1_1}
============

In patients with Alzheimer\'s disease (AD), persons who fall easily account for slightly more than 50% of all dementia patients \[[@B1]\]. This is because falls by dementia patients reduce motor function, further promote dementia \[[@B2]\], and lead to difficulty in maintaining independence \[[@B3]\].

Researchers used the clock drawing test (CDT) as the evaluation method used to determine fall-related factors in patients with AD \[[@B4], [@B5]\]. In the CDT, which is widely used as a visual spatial ability test \[[@B6], [@B7]\] and screening test for dementia patients \[[@B8], [@B9], [@B10], [@B11], [@B12], [@B13], [@B14], [@B15]\], the participant is asked to draw a clock face. The advantages of the CDT include that it can be implemented in a short period, participants have little resistance to the test, it tends to not be affected by participants\' education level \[[@B16]\], and it can measure executive function, which is difficult to evaluate with the Mini-Mental State Examination (MMSE) \[[@B17]\]. The methods used to analyze the results of the CDT include quantitative and qualitative analyses. Maruta and Yoshikawa \[[@B10]\] (2014), Nishiwaki et al. \[[@B11]\] (2004), Yoo and Lee \[[@B15]\] (2016), and Jeong et al. \[[@B18]\] (2016) analyzed the CDT quantitatively and reported its utility as a screening evaluation of dementia. Diegelman et al.\[[@B19]\] (2004) reported that the quantitative analysis of CDT was significantly worse among non-drivers than individuals who were currently or recently driving. In this way, many previous studies have used a quantitative analysis \[[@B10], [@B11], [@B15], [@B19], [@B20], [@B21]\]. However, qualitative analysis reflects the severity of dementia better than quantitative analysis \[[@B22], [@B23]\] and enables capturing the characteristics of the disease \[[@B7], [@B24]\]. Thus, qualitative analysis can also be regarded as an important analysis method.

The qualitative analysis of the CDT can measure the appearance frequency of six qualitative errors (size of the clock, graphic difficulties, stimulus-bound response, conceptual deficit, spatial/planning deficit, perseveration) \[[@B7]\]. The appearance frequency of these errors may be related to participant falls. However, this has not been investigated in previous studies.

The aim of this study was to clarify the difference between the number of patients who present with qualitative errors in the CDT between patients with AD in the fall and non-fall groups.

Materials and Methods {#sec1_2}
=====================

Participants {#sec2_1}
------------

The participants included 47 patients with AD (21 men and 26 women, mean age 80.7 ± 6.3 years) who were admitted to the dementia ward of the university hospital of Japan. The selection criteria were patients with AD diagnosed by a doctor based on ICD-10, who were able to respond to verbal commands, and whose condition had more or less not changed since hospitalization. Exclusion criteria were the following six items (which may be the cause of falls): patients who (1) were unable to walk 50 m, (2) had motor paralysis, (3) had sensory impairment, (4) had a history of disturbance or loss of consciousness, (5) had significant visual impairment, and (6) were otherwise deemed unsuitable by the authors. Complications included brain and nervous system diseases (*n* = 32), medical diseases (*n* = 40), orthopedic diseases (*n* = 19), and other diseases (ophthalmological diseases after cataract surgery, dermatological diseases, etc.) (*n* = 19) (multiple choices permitted). Information regarding the participants characteristics (sex, age, duration of AD, number of years of education after graduating elementary school, complications, number of types of medicines) was obtained from hospitalization medical records (Table [1](#T1){ref-type="table"}). The aims of the study were explained verbally and in writing to participants and relatives living with the participants, and consent to participate in the study was obtained.

Evaluation {#sec2_2}
----------

In the CDT, participants were presented with an A4-size blank sheet of paper, and instructed to draw a clock face showing 11:10, with all the numbers written on the clock dial. The scoring of the quantitative analysis used the method proposed by Rouleau et al. \[[@B7]\] (Table [2](#T2){ref-type="table"}), and the test was scored with 10 points as full marks. A higher score indicates better function. For the qualitative analysis, the method proposed by Rouleau et al. \[[@B7]\] was also adopted, and each participant was evaluated based on the appearance of the six error types (size of the clock, graphic difficulties, stimulus-bound response, conceptual deficit, spatial/planning deficit, perseveration). The specific analysis method used for the appearance of the six error types is shown in Table [3](#T3){ref-type="table"}. Two research collaborators (occupational therapists with 13 and 16 years of experience) were asked to evaluate the error types. The research collaborators were not told the participant\'s diagnosis or aim of the study, and they determined the appearance of each error type. When the judgment of the two research collaborators differed, it was determined to not be an error, and only matching judgments were set as errors \[[@B22]\] (Fig. [1](#F1){ref-type="fig"}).

Cognitive function (Japanese version of the MMSE, MMSE-J) \[[@B25]\], behavioral and psychological symptoms of dementia (BPSD) (Neuropsychiatric Inventory, NPI) \[[@B26]\], and activities of daily living (Functional Independence Measure version 3, FIM) \[[@B27]\] were also evaluated.

MMSE-J \[[@B25]\] is a simple test of cognitive functions. It consists of 11 items: orientation to time, orientation to place, attention and concentration, memory registration, memory recall, naming, repetition, comprehension, reading, writing, and drawing. It has a maximum score of 30 points, with higher scores indicating better cognitive function.

NPI asks a caregiver a question and evaluates the onset frequency of BPSD and the severity of dementia. The NPI is comprised of the following domains: delusions, hallucination, agitation, depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behavior, night-time behavior disturbances, and appetite and eating abnormalities. It has a maximum score of 144 points, with higher scores indicating worse BPSD symptoms.

FIM consists of 18 items in total: 13 movement items and 5 cognitive items. Movement items include 6 self-care, 2 excretion control, 3 transferring, and 2 moving items. Cognitive items include 2 communication and 3 social cognition items. Each item is evaluated independently on a scale of 1 to 7 according to the degree of assistance required. It has a maximum score of 126 points, with higher scores indicating less assistance with day-to-day activities.

Procedure {#sec2_3}
---------

All evaluations were implemented for all participants by physical therapists or occupational therapists within 1 week after hospitalization. During the evaluation period, there were no changes in the participants\' oral medicines or condition.

Falls were defined as "any unintentional action where a part of the body other than the soles of the feet comes into contact with the ground or lower location" \[[@B28]\]. Falls from steps, platforms, and bicycles were included in the definition. Participants who had one or more falls within 1 year preceding the survey date were classified as the fall group, and those without this fall history as the non-fall group. This information was obtained by asking the main caregiver, who was able to ascertain the participant\'s lifestyle situation up to immediately before hospitalization.

Data Analysis {#sec2_4}
-------------

After confirming the normality of the variables related to characteristics and scoring based on the quantitative analysis of CDT using the Shapiro-Wilk test, age, MMSE-J, and FIM followed a normal distribution. Therefore, the Welch *t* test was used to compare the age, MMSE-J, and FIM of the two groups based on their history of falls (fall group vs. non-fall group). The duration of AD, number of years of education, number of complications, number of types of oral medicines, NPI, and scoring-based quantitative analysis of CDT did not have a normal distribution; thus, the Mann-Whitney U test was used for the analysis. Fisher\'s exact test was performed to determine the difference in the number of people who presented with error types between the two groups (fall group vs. non-fall group) for the qualitative analysis of CDT. The effect size (φ) was calculated for the comparison of the quantitative and qualitative CDT analyses of the two groups (fall group vs. non-fall group). The index proposed by Cohen \[[@B29]\] was referenced to interpret the effect size, with 0.1---0.29 interpreted as low, 0.3--0.49 as moderate, and ≥0.5 as high.

SPSS version 21.0 (IBM Corporation, Armonk, USA) was used for the statistical analysis, and the level of significance was set as less than 5%.

Results {#sec1_3}
=======

The participant characteristics are shown in Table [1](#T1){ref-type="table"}. Of the 47 participants (21 men and 26 women, mean age 80.7 ± 6.3, mean number of years of education 5.2 ± 2.7 years), 22 had fallen within the past year (46.8%). There was no significant difference in sex, age, AD duration, number of years of education, number of complications, number of types of oral medicines, MMSE-J, NPI, and FIM between the fall and non-fall groups.

There was a significant difference in the total scores for the quantitative analysis of CDT, with the fall group (*n* = 22) showing a significantly lower total CDT score than the non-fall group (*n* = 25) (*p* = 0.006, effect size: φ = 0.40).

In the qualitative analysis of CDT, significantly more participants in the fall group than in the non-fall group presented with a conceptual deficit (*p* = 0.001, φ = 0.51). Conversely, there was no significant difference between the two groups for the size of the clock (*p* = 0.690, φ = 0.09), graphic difficulties (*p* = 0.328, φ = 0.18), stimulus-bound response (*p* = 0.352, φ = 0.19), spatial/planning deficit (*p* = 1.000, φ = 0.03), and perseveration (*p* = 0.270, φ = 0.19) (Table [4](#T4){ref-type="table"}).

Discussion {#sec1_4}
==========

In this study, patients with AD were divided into two groups, the fall group and non-fall group, and the differences revealed between the two groups in a quantitative and qualitative analysis of the CDT were investigated. The results of the quantitative analysis indicated that the CDT score of the fall group was significantly lower than that of the non-fall group. The qualitative analysis showed that significantly more participants presented with a conceptual deficit in the fall group than in the non-fall group. The effect size *(*φ*)* was high at 0.51. There was no difference between the two groups in the number of participants who presented with the other five error types.

Yamada et al. \[[@B5]\] divided 31 patients with mild cognitive impairment into two groups, the fall group and non-fall group, and examined the intergroup differences in scoring through a quantitative analysis of the CDT. They found that the CDT score of the fall group was significantly lower than that of the non-fall group. The results of the quantitative analysis of the CDT in this study (examination of the intergroup difference in CDT scores) were similar to those reported by Yamada et al. \[[@B5]\]. This result indicates that a lower score for the quantitative analysis of the CDT may indicate an increased risk of falls.

In the qualitative analysis, significantly more participants presented with a conceptual deficit in the fall group than in the non-fall group. Specific examples of error judged as a conceptual deficit are numbers or clock hands that are missing or inappropriate, or writing the time using numbers instead of showing the time with the clock hands. These responses reflect a deficit in accessing knowledge about the attributes, characteristics, and meaning of a clock, that is, a lack of semantic association usually triggered by the word clock \[[@B7]\]. Patients with AD demonstrate this type of conceptual deficit in the CDT, which can be expected to increase the risk of falls in their daily activities. Using as an example the scenario of moving from a Western-style room to a Japanese-style room in their own home, a patient with AD may not be able to semantically associate the presence of a step that potentially and overtly manifests when moving between the two rooms. Similarly, when going to the toilet, a patient with AD may not be able to semantically associate this action with the step between the hallway and the toilet, and the action of lifting the lid of a Western-style toilet before sitting down. The risk of falling is expected to increase in these types of situations, which is estimated to be the reason for the large number of participants with a conceptual deficit in the group of AD patients with a history of falls. In the future, we would like to investigate the reasons that link a conceptual deficit with falls by analyzing in detail the fall scenarios of patients with AD that present errors in the CDT based on a conceptual deficit.

There was no significant difference between the fall and non-fall groups in the number of participants who presented with the five error types other than for conceptual deficit (size of the clock, graphic difficulties, stimulus-bound response, spatial/planning deficit, perseveration). These results suggest that the appearance of the five error types other than conceptual deficit in patients with AD has less effect on falls than conceptual deficit.

The limitations of this study include the small cohort. Further investigation of factors that cause falls is needed with more participants. The retrospective nature of the study, namely looking back on past fall history, can also be considered a limitation. A prospective study investigating falls during a set period after the CDT evaluation is preferable to accurately understand the relationship between the results of a qualitative analysis of the CDT and falls.
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![Actual examples of error types in qualitative analysis of the clock drawing test. There are no actual examples for size of the clock error types.](dee-0009-0381-g01){#F1}

###### 

Participant characteristics and evaluation results

                                                             Total (*n* = 47)   Fall group (*n* = 22)   Non-fall group (*n* = 25)   *p* value
  ---------------------------------------------------------- ------------------ ----------------------- --------------------------- -----------
  Men/women[^1^](#T1F1){ref-type="table-fn"}                 21/26              7/15                    14/11                       0.143
  Age, years[^2^](#T1F2){ref-type="table-fn"}                80.7±6.3           82.5±6.1                79.2±6.1                    0.075
  Duration of AD, months[^3^](#T1F3){ref-type="table-fn"}    28 (2--144)        18 (2--132)             34 (3--144)                 0.564
  Education, years[^3^](#T1F3){ref-type="table-fn"}          6 (0--10)          6 (0--10)               6 (3--10)                   0.352
  Complications[^3^](#T1F3){ref-type="table-fn"}             6 (0--35)          7 (0--35)               5 (1--27)                   0.487
  Types of oral medicines[^3^](#T1F3){ref-type="table-fn"}   5 (1--12)          5 (1--11)               5 (1--12)                   0.889
  MMSE-J, points[^2^](#T1F2){ref-type="table-fn"}            16.3±5.6           15.9±5.6                16.7±5.6                    0.623
  NPI, points[^3^](#T1F3){ref-type="table-fn"}               6 (0--40)          6 (0--39)               6 (0--40)                   0.723
  FIM, points[^2^](#T1F2){ref-type="table-fn"}               96.2±14.5          92.5±17.7               99.4±10.3                   0.113

Data are presented as number of persons, mean ± standard deviation, or median (range), as appropriate. AD, Alzheimer\'s disease; MMSE-J, Japanese version of Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; FIM, Functional Independence Measure.

Fisher\'s exact test.

Welch\'s *t* test.

Mann-Whitney U test.

###### 

Revised scale used for scoring the clock drawings

  ------------------------------------------------------------------------------------------------------------
  Integrity of the clock face (maximum: 2 points)
   2: Present without gross distortion
   1: Incomplete or some distortion
   0: Absent or totally inappropriate
  Presence and sequencing of the numbers (maximum: 4 points)
   4: All present in the right order and at most minimal error in spatial arrangement
   3: All present but errors in spatial arrangement
   2: Numbers missing or added but no gross distortions of remaining numbers
   Numbers placed in counterclockwise direction
   Numbers all present but gross distortion in spatial layout (i.e., hemineglect, numbers outside the clock)
   1: Missing or added numbers and gross spatial distortions
   0: Absence or poor representation of numbers
  Presence and placement of the hands (maximum: 4 points)
   4: Hands are in correct position and the size difference is respected
   3: Slight errors in the placement of the hands or no representation of size difference between the hands
   2: Major errors in the placement of the hands (significantly out of course including 10 to 11)
   1: Only one hand or poor representation of two hands
   0: No hands or perseveration on hands
  ------------------------------------------------------------------------------------------------------------

From Rouleau et al. \[[@B7]\] (1992).

###### 

Qualitative error analysis of clock drawing test

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Size of the clock
   A clock was considered small if it measured less than 1.5 inches and large if it measured more than 5 inches
  2\. Graphic difficulties
   Mild: Some distortions in tracing the clockface and/or the hands and/or the numbers were present, but the overall performance remained adequate
   Moderate: Distortions were evident, but the overall performance remained interpretable
   Severe: Distortions were evident and precluded, in some cases, the unequivocal interpretation of the overall performance
  3\. Stimulus-bound response
   A: The minute hand pointed toward 11 instead of 2
   B: The time (min) is written in letters and numbers besides the 11 on the clock
  4\. Conceptual deficit
   A: Misrepresentation of the clock itself (only a clockface without numbers or inappropriate use of numbers), suggesting the unavailability of a correct graphic representation of a clock
   B: Misrepresentation of the time on the clock: the hands are either absent or inadequately represented; the time is written on the clock
  5\. Spatial and/or planning deficit
   A: Neglect of the left hemispace
   B: Deficit in planning, with gap before 12 or 3, 6, or 9 depending on the strategy used in drawing
   C: Deficit in spatial layout of numbers, without any specific pattern in spatial disorganization
   D: Numbers written outside the disorganization
   D: Numbers written outside the clockface
   E: Numbers written counterclockwise
  6\. Perseveration
   A: Perseveration of hands
   B: Perseveration of numbers
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

From Rouleau et al. \[[@B7]\] (1992). In points 2--6, when any one was applicable, it was judged as "with."

###### 

Comparison of the CDT in each group

                                                                                   Total (*n* = 47)   Fall group (*n* = 22)   Non-fall group (*n* = 25)   *p* value                               Effect size *φ*
  -------------------------------------------------------------------------------- ------------------ ----------------------- --------------------------- --------------------------------------- -----------------
  Quantitative total score in CDT[^1^](#T4F2){ref-type="table-fn"}                 5 (0--10)          3 (0--10)               6 (1--10)                   0.006[\*](#T4F1){ref-type="table-fn"}   0.40
  Qualitative error types in CDT (with/without)[^2^](#T4F3){ref-type="table-fn"}                                                                                                                  
   Size of the clock                                                               7/40               4/18                    3/22                        0.690                                   0.09
   Graphic difficulties                                                            13/34              8/14                    5/20                        0.328                                   0.18
   Stimulus-bound response                                                         5/42               1/21                    4/21                        0.352                                   0.19
   Conceptual deficit                                                              28/19              19/3                    9/16                        0.001[\*](#T4F1){ref-type="table-fn"}   0.51
   Spatial/planning deficit                                                        20/27              9/13                    11/14                       1.000                                   0.03
   Perseveration                                                                   9/38               6/16                    3/22                        0.270                                   0.19

Data are presented as median (range) or number of persons, as appropriate. CDT, clock drawing test.

*p* \< 0.01; errors based on conceptual deficit were significantly more common in the fall group than in the non-fall group (*p* = 0.001, φ = 0.51).

Mann-Whitney U test.

Fisher\'s exact test.
